Introduction
The effects of various chemicals on anthocyanin synthesis and morphogenesis in the Impatiens hypocotyl were investigated to determine possible relationships between a specific biochemical process (anthocyanin synthesis) and morphogenetic events (the formation of roots and epidermal hairs). Cultured segments of balsam (Impatiens balsamina L.) provide excellent material for the study of anthocyanin formation as an indicator of metabolic conditions accompanying differentiation (3) . A similar approach to studying morphogenesis has been taken by Klein and Hagen (7) using cultured balsam flower petals.
The axis of the etiolated hypocotyl presents a gradient of tissue differentiation from an actively dividing meristem in the region of the hypocotyl arch to highly specialized tissue zones toward the base (2, 8) . Correspondingly, different segments of the balsam hypocotyl axis differ in their capacity to form roots, epidermal hairs, and anthocyanin pigments when cultured on an agar medium (3).
Methods and Materials
Vaughn Seed Company's Scarlet Balsam (Impatiens balsamina L.) was used in all experiments. The seeds were germinated under sterile conditions in total darkness for 7 days as previously described (3) .
The hypocotyls (about 50 mm in length) were excised from the etiolated seedlings and cut into 10 equal segments which were transferred to a petri dish containing an agar medium. The segments were arranged in a radial fashion on the agar, the segment proximal to the cotyledons being designated as 1 and the more distal as 2 through 10. Sterile conditions were maintained throughout.
White's medium (14) was used in all experiments and it was supplemented in various experiments with the following constituents: compounds reported to affect growth; naphthalene acetic acid (NAA, 5.0 x 10-6 and 5.0 X 10-8 M), 2, 3, 5-triiodobenzoic acid (TIBA, 5.0 X 10-5 M), gibberellic acid (GA, 2.7 x 1 Received Aug. 2, 1963 . 2 This work is a portion of a thesis submitted in partial fulfillment for the Ph.D. degree. Allan W. Arnold was supported by a National Defense Education Act Fellowship. 3 Present address: Department of Botany, Brown University, Providence, Rhode Island. 10-5 M) and compounds reported to affect anthocyanin synthesis; benzimidazole (3.0 X 10-3M), 8-azaguanine (3.0 X 10-5 and 3.0 x 10-6 M), and riboflavin (3.0 x 10-4 and 1.0 x 104M). The constituents were used singly or in combinations in some experiments.
Each experiment, comprised of 35 cultures, was carried out in darkness or under 450 ft-c of light from cool white fluorescent tubes at 250. In "dark" experiments transfers were made under dim green light. During the experimental period of 10 days the "dark" cultures received brief periodic exposures to light which were necessary for the collection of data. Periodic observations for the presence or absence of anthocyanin pigments, epidermal hairs, and the number of roots were recorded for each of the 10 hypocotyl segments in each culture. These data represent 35 replicates of each of the 10 segments along the axis of a hypocotyl.
Quantitative estimates of total anthocyanin formed in the hypocotyl segments at the end of the 10-day experimental period were determined as before (3) .
Results
The segments of the hypocotyl which present a gradient of tissue differentiation often responded differently to treatment depending on their position along the hypocotyl axis. Physiological gradients were also indicated and were found to shift in response to some treatments. Table I Hair formation was effected in nearly an opposite manner to anthocyanin formation by the benzimidazole-NAA interaction (table I) . Benzimidazole used alone almost completely eliminated hair production while NAA alone favored hair production. More segments were found to have epidermal hairs on the benzimidazole-NAA medium than with either substance used alone. Similar opposing responses were also noted in the number of roots formed on the various segments. Benzimidazole alone severely inhibited rooting in all segments except segment 1. NAA enhanced rooting in all segments of the hypocotyl, especially segment 1. When benzimidazole and NAA were used together, rooting in segments 2 to 10 was about equal to or slightly greater than that in a medium with benzimidazole alone. Segment 1, however, formed less than 40 % of the number of roots on the benzimidazole-NAA medium than it did on the benzimidazole medium. The results indicate that a compound such as benzimidazole may act as a NAA antagonist for a response such as anthocyanin synthesis while acting synergistically with NAA in the same tissue to cause the production of epidermal hairs. Furthermore, NAA counteracted the inhibition of rooting by benzimidazole in the more highly differentiated tissue of segments 6 to 10, while NAA acted synergistically with benzimidazole to cause a minimum number of roots formed in segment 1 wvhich contains a large amount of meristematic tissue (2, 8) .
Discussion
The objective of this research was to slhow interrelationships between the development of morphological structures and a biochemical process. Definite relationships have been shown to occur. Anatomically, the axis of the hypocotyl of Impatiens balsanzina L. has been shown to present a gradient of tissue types from meristematic at its upper end to highly differentiated and specialized types toward its basal end (3, 8) . Therefore the various physiological responses, as well as the morphogenetical manifestations observed in cultured hypocotyl segments, can be interpreted with reference to the basic structure and level of differentiation of the tissue.
The most interesting results were obtained from experiments using NAA. Suggestions made by Alston (1) concerning the mode of gene control of anthocyanin synthesis are supported by these results. In Impatiens, a series of genes is known to govern the distribution of anthocyanin pigments fromii the first node upward in the stem axis and even to the midribs of the leaves (1). The hypocotyls used for the present studies when grown on a medium containiing no NAA were shown to have a specific quanititative distribution of anthocyanin in which segment 1 forms the most with gradually decreasing aimiouihts in each subsequent segment toward the base of the hy1pocotyl. The rates of anthocyanin synthesis in the v-arious segments do not appear to differ greatly, silnce pigment appears first in segment 1 and proceeds stepwise toward the base (3). A similar appearalnce and distribution of anthocv-anins are found in the intact seedling grown in the light. This pattern of antlhocyanin formation is under genetic control (1). NAA caused a general increase in anthocyanin content, but more important, NAA treatment resulted in a shift in the point of maximum anthocyanin syntlhesis toward the base of the hypocotyl. NAA also retarded the appearance of anthocyanin in the upper segments during the course of the experiments, while the lower segments were affected only slightly (fig 1) . Rates of anthocyanin synthesis in the lower segmenits were apparently greatly increased since segment 9 formed nearly twice the amount of pigment of segmilent 2 in the same amount of time on the mediumii with 5.0 X 10-6 M, NAA ( GA caused a marked increase in elongation of segment 1 in the light which was similar to its response when cultured in the dark without GA. The meristematic tissues of segment 1 are responsible for its ability to elongate (2, 8) . Elongation appears to be unfavorable for the formation of both roots and anthocyanins. Root formation and anthocyanin synthesis in segment 1 was inhibited with respect to the other segments of the hypocotyl in the dark without GA and in the light in the presence of GA (table I) .
Thimann and Radner (12) have reported that anthocyanin formation in Spirodela is directly dependent upon riboflavin synthesis. In the Impatiens hypoctoyl riboflavin was found to actually inhibit anthocyanin formation in the dark and also inhibit root and hair formation in segment 1 (table I) . When used in combination with benzimidazole in the light, riboflavin severely inhibited all activities of the hypocotyl and was lethal to most of the lower segments. In agreement with our results, Straus (9) has shown that riboflavin inhibited anthocyanin synthesis in cultured corn endosperm tissue.
In contrast to the other compounds tested, the purine analogs, benzimidazole and 8-azaguanine, used individually, and benzimidazole used in combination with NAA effectively separated the growth responses of root and hair formation from each other, and from anthocyanin synthesis. These responses were uncoupled only through the use of metabolic inhibitors benzimidazole and 8-azaguanine and not by compounds such as sugars, auxins, or other chemicals which would be expected to act as factors known to occur naturally in plant tissues. Both benzimidazole and 8-azaguanine effectively inhibited growth and anthocyanin synthesis in all segments of the hypocotyl except segment 1 (table I). The results of the inhibition of anthocyanin formation in segments 2 to 10 by the purine analogs agree well with the report of Thimann and Radner (13) , but in segment 1 only benzimidazole was effective in preventing anthocyanin formation while 8-azaguanine had relatively little effect. However, 8-azaguanine did strongly inhibit root formation while benzimidazole was relatively ineffective. The relationship between the level of differentiation of a tissue and the sensitivity of anthocyanin synthesis to 8-azaguanine was further supported by the observation that the anthocyanin was formed well up into the hypocotyl arch (meristematic region) when 8-azaguanine was present in the medium. Straus has reported that 8-azaguanine caused a slight enhancement of anthocyanin formation in cultured corn endosperm tissue (9) . The corn endosperm seems to approximate more nearly the condition of the meristematic tissue of segment 1 than the mature Spirodela plants used by Thimann et al (10) (11) (12) (13) . The fact that 8-azaguanine acts as a potent inhibitor of anthocyanin synthesis in the mature tissues of the hypocotyl and has little effect on the meristematic area of segment 1, offers a likely explanation for the conflicting results of Straus (9) and Thimann and Radner (13) . The mature Spirodela plants which Thimann and Radner used were severely inhibited by 8-azaguanine as was anthocyanin synthesis in the mature segments of the hypocotyl, while 8-azaguanine did not affect anthocyanin synthesis in the undifferentiated corn endosperm tissue and segment 1 of the Impatiens hypocotyl. The effectiveness of 8-azaguanine in inhibiting anthocyanin synthesis appears dependent on the state of differentiation of the tissue.
Summary
Etiolated 5-day-old hypocotyls of Impatiens balsamnina L. were cut into 10 equal segments and cultured under sterile conditions on White's agar medium in petri dishes. Segment 1 was at the cotyledon end of the hypocotyl and the other segments were numbered 2 to 10 towards the base of the hypocotyl. Measurements were made on growth and anthocyanin formation in each of the segments during and at the end of a 10-day experimental period.
Naphthalene acetic acid caused a general increase in both growth and anthocyanin formation. Also a shift in the point of maximum anthocyanin synthesis from segment 1 to segment 8 was caused by increasing naphthalene acetic acid in the medium. These effects were reversed by triiodobenzoic acid.
The medium was also supplemented with gibberellic acid, 8-azaguanine, benzimidazole, and riboflavin in various experiments. Responses to these chemical factors which indicate interrelationships between anthocyanin synthesis and morphogenesis in the hypocotyl segments are described.
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